The stability between the limited available energy resources and their consumption is an important concern of the modern world. The study deals with the development of the methods for measuring the energy performance of different renewable and non-renewable resources used for electricity generation with the help of an energy performance indicator called the Primary Energy Factor (PEF). This study takes account of all energy stages from the resources extraction to its transportation, conversion, combustion and then finally to utilization. The study conducted a comparative approach to calculate the PEF values of electricity generated in South Korea from the period of 1980 to 2017. Four different methodologies namely Eurostat methodology, Life cycle methodology, Modified Eurostat methodology, and upper-end methodology have been used. A set of Programs has been written in MATLAB to calculate the i.
Introduction
The World population is about 7.5 billion and it will increase to around 13 billion in 2100. [1, 2] . The earth resources are continuously decreasing and there is no visible way to sustain the earth's resources. The planet earth has already lost its stability in different shapes and spheres and it's not possible to reset it energy, furthermore, it also considers the productivity of conversion or conversions from Primary Energy (PE) to Final Energy (FE). The vitality execution of a building depends on the features of the buildings as well as on the features of energy supply [9] .
The performance of any building regarding energy efficiency is the net of all the delivered energies to meet its energy requirements. [EN/TR 15615 (CEN 2008) ]. The assessment of the energy performance of buildings has a twofold reason.
• The energy requirement of new and old buildings.
• The PEF value of the buildings.
For both at national and regional level building sectors, the concept of PEF is very important regarding the energy policy of the buildings. They can coordinate the decision among various carriers of energy used to meet the building vitality needs, in light of the fact that the building vitality execution appraisal results depend specifically on their values. The PEF can also direct to the reduction of CO2 emission, increase the efficiency of energy at the user's end.
There are two kinds of energy. Primary energy Secondary energy Both energies have different dimensions and represent a different form of energy. They are also known as source energy [10, 11] . The energy performance of two buildings cannot be compared together if they represent the different genres of energy. For the Primary energy of electricity estimation, the energy losses in the generation, transportation, and distribution of electricity also taken into consideration unlike in the secondary form of energy [12] . It takes more than 1 unit of energy resources like fossil fuels, petroleum, and natural gas to generate 1 unit of electricity [13] . Likewise, the energy resources like renewables, biomass, waste, and others should be taken into account while calculating the Primary energy. All the secondary sources of energy should include evaluating primary energy consumption [14] . Primary energy evaluation also predicts with greater accuracy about the carbon emission factor which is highly important for environmental sustainability.
Overgaard [15] argue that primary and secondary energy should be kept separated. It will help to present a clear picture of energy consumption. The PEF considers the energy consumption for the conveyance and transmission of the carriers of energy, furthermore, it also considers the productivity of conversion or conversions from Primary Energy (PE) to Final Energy (FE). [16, 17] . Marcogaz [18] suggested that if the PEF is calculated using all the renewable energy sources, it will be called the Total primary energy factor. Pout [19] suggested the inclusion of both renewable and nonrenewable energy sources for the calculation of primary energy factor. Many studies suggesting the system boundaries before evaluating primary energy consumption. The system boundaries must include energy and no energy inputs Dijk [20] and CEN [21] calculate the primary energy factor by taking account of the energy extraction from resources, conversion, transmission and usage. Molenbroek [22] suggested to include all the energy losses while calculating the primary energy factor.
Methods and Materials 3.1. Indicators of Primary energy factor 3.1.1. Significance of Primary energy factor
According to EN/TR 15615 (CEN 2008) , the energy that has not been exposed to any change or change process is known as Primary energy. For instance the petroleum products. The final energy comes from primary energy after being transformation and passing through the multiple processes.
The reason of calculating PEF is to weigh the carriers of energy with respect to the source of energies. It is basically the numerical coefficients, defined as PEF = Unit of energy transmitted / n units of PE consumed to deliver it.
The PEF consider the energy consumption for the conveyance and transmission of the carriers of energy, furthermore it also considers the productivity of conversion or conversions from PE to FE. The vitality execution of a building depends on the features of the buildings as well as on the features of the energy supply.
i.
The energy requirement of new and old buildings. ii.
The PEF value of the buildings.
For both at national and regional level building sectors, the concept of PEF is very important regarding the energy policy of the buildings. They can coordinate the decision among various carriers of energy used to meet the building vitality needs, in light of the fact that the building vitality execution appraisal results depend specifically on their values. The PEF can also direct to the reduction of CO2 emission, increase the efficiency of energy at the user's end. There are three kinds of Primary energy factors. The fig. 1 below shows how the different PEF connected to each other. 
3.1.1.1.Total Primary energy factor
The total energy factor is the ratio of the sum of both renewable and non-renewable primary energy sources to the final energy delivered.
3.1.1.2.Renewable Primary energy factor
The renewable primary energy factor is the ratio of renewable primary energy sources to the final energy delivered.
3.1.1.3.Non-renewable primary energy factor.
The total energy factor is the ratio of the sum of both renewable and non-renewable primary energy to the final energy delivered.
Establishing the boundaries of the system
One of the most important stages is to define the boundary of the system. The Boundary of the system can be defined in ways.
3.1.2.1.Entire Supply chain
The entire supply chain method follows the Life cycle assessment (LCA) method and includes the expenditure of energy from the source extraction to the transportation, conversion into the useful energy, combustion, transportation and the final generation of electricity as shown in the figure below.
3.1.2.2.Energy Conversion and transmission only
The other method of defining the system boundary is to take the energy expenditure on the conversion and transmission only.
Evaluation method for the Primary energy
There are many methods for the evaluation of Primary energy according to the sources. The following study divided the evaluation of primary energy methods according to Non-Combustible non-renewable energy sources (Nuclear energy), Non-Combustible renewable energy sources (hydro, wind, steam, Solar, etc.) and fossil fuels.
The downstream Primary energy will also be taken into consideration apart from the primary energy of fuel if the entire supply chain has been defined as the boundary of the system.
The accounting method for the nuclear electricity Generation

3.1.4.1.Direct equivalent method
This energy evaluation method is particularly assigned for the Non-Combustible fuels by the UN. For the non-combustible fuels, the energy contents are hard to determine, the percentage of transformation efficiency of fuel into electricity in this method is 100%. 
3.1.4.2.Physical energy content method and Technical conversion efficiency method
The technical conversion efficiency and physical energy content method have been extensively used by the International Energy Agency (IEA). These methods established the transformation efficiency of fuel into electricity only 33% and PEF value 1.00.
Accounting Method for the non-combustible Renewable energy sources.
Zero equivalent method (For Non-combustible fuels)
This method does not take the primary energy into consideration for the transformation of fuels into electricity.
Substitution method
This method considers the potential energy of the source as the primary energy before any transformation occurs. For example, to use the substitution method the velocity and the mass of the air would be needed first to calculate the kinetic energy of the air if the energy source is a wind turbine. This method is extensively used by the Energy Information Administration US.
Direct equivalent method
The method assigned the PEF value of 1.00 to all the non-combustible renewable energy sources and not valid for combustible renewable energy sources like biomass. This method depicts the positive effects of non-combustible renewable energy sources on climate change.
Physical energy content method
The method considers the primary energy as initial or original energy before it has been used for different purposes. It assigned the primary energy factor value of unity for the transformation of noncombustible renewable energy sources into electricity. This method has been extensively used by IEA.
Technical Conversion efficiencies
In this method, the real data has been used to determine the conversion or transformation efficiency. It assigned the PEF value of unity for the transformation of all the non-combustible renewable energy sources into electricity.
The accounting method for the combustible renewable energy sources
The only 2 methods available to evaluate the Primary energy contents of Combustible renewable energy sources
• Zero equivalent method • Technical Conversion efficiency method
The zero equivalent method is used if the purpose is to the evaluation of only non-renewable part of energy while the technical conversion efficiency method is used if the renewable part of the energy is taken into consideration.
The accounting method for the Combine heat and power (CHP)
3.1.7.1.International Energy Agency (IEA method)
The method is largely used the Eurostat. The simplified version of this method is shown in the figure below In this method, the amount of primary energy attributed to both heat and electricity according to their output share. The conversion efficiency of electricity is divided to the conversion efficiency of both heat and electricity. In CHP process, the conversion efficiency of heat is always higher than electricity so the greater share of Primary energy allocated to the heat.
3.1.7.2.Finnish Method
The Finnish way of accounting CHP is shown in the figure below. In the first step, the Primary energy saving of CHP calculated with reference to the separate system. The electrical and thermal efficiencies of the CHP process calculated with reference to the electrical and thermal efficiencies of the independent system
In the 2nd step, the primary energy assigned to both the electricity and heat can be calculated.
List of equations used
The equation used in this method are as follows
3.1.8.1.Net electricity demand
Gross electricity generated (1-Grid losses -Self Consumption) (4)
3.1.8.2.Primary energy demand
Primary energy (PE) demand = (5)
3.1.8.3.Raw Primary energy demand
Raw primary energy demand = ∑ 
3.1.8.9.Calculation of heat Bonus
Heat Bonus = Fuel Consumption * Ratio efficiency heat*(1-PEE)* PEF fuel (12) 3.1.8.10.
Calculation of Primary energy factor
Final PEF electricity = − (13)
Development of Primary energy factor of electricity
Calculation Method 1 -Eurostat Methodology
Method 1 is based on the Eurostat approach for the development of Primary energy factor. All the fuels consider for the development of the Primary energy factor of electricity has been given the value 1 and only the conversion and Transmission part of the energy has been considered. The figure below shows the road map for the development of the Primary energy factor. The efficiencies and PEF of different fuels calculated by Anke [23] have been used in this study. Table 1 shows the categories and indicators of the Eurostat Methodology. 
Figure 5. Decision path for the Eurostat Methodology
Calculation method 2 -Life Cycle Analysis Approach
This method follows the Life Cycle Analysis (LCA) approach and only the non-renewable portion of the Primary energy factor has been considered. The entire supply chain has been taking into account for this method and the Finnish method has been used for accounting the CHP. For Fossil Fuel, the Primary energy factor for the coal, Petroleum, and LNG has been considered as 1.07, 1.11 and 1.13 for LCA Non-renewable PEF. The Fig. 7 shows the road map for the calculation method 2.
Figure 7. Decision path for the Life Cycle Approach
The table below shows the categories and indicator for the Life Cycle Approach Table 3 
. Categories and indicator for the Life Cycle Approach
Categories Indicator
Time Resolution Annual Average
Market Position Average
Method of calculation Advanced
Figure 6. Roadmap to the calculation of primary energy factor (Eurostat Methodology)
Geographical region
Republic of Korea
The boundary of the system Entire supply chain
Indicator of PEF Non-Renewable Primary energy
The accounting method for renewable energy sources
Zero equivalent
The accounting method for non-renewable energy sources Technical Conversion efficiency/ Physical energy content method
The accounting method for the Combined heat and power plant
Finnish Method
The table below shows the efficiency and PEF fuel for the Life Cycle Approach. 
Calculation Method 3 -Modified Eurostat Methodology
The calculation method 3 is the modification of calculation method 1 and follows the same Eurostat methodology of accounting energy. The basic difference between them is the accounting method for the Combined Heat and Power Plant. For Method 1, the IEA method has been used and for Method 3, the finish method has been used to account for the CHP. The main difference between the modified and Eurostat modified methodology is the evaluation of electricity generation from CHP. The modified Eurostat methodology uses the Finnish method for the analysis of electricity generated from CHP unlike Eurostat methodology which uses the IEA method.
Calculation Method 4 -Upper-end Method
This method has been developed to explain the upper end of the Primary energy factor development option. This method taking into account the entire supply chain and follows the LCA approach for non-renewable fuels. The Primary energy factor of 1.11 has been chosen as an approximation of LCA total primary energy. The figure below shows the roadmap for the development of the Primary energy factor of electricity.
Figure 10. Decision path for the Upper-end Methodology
The table below shows the categories and indicator for the calculation method 4 
Calculations of Raw Primary energy demand (RPED)
The RPED of the electricity generation for the Eurostat methodology has been shown in table 14. 
Generation of heat calculations from Combined heat and power plant (CHP)
The heat generated from the CHP has been calculated in table 15. The self-consumption is assumed to be 8%, 
Calculations of fuel consumption by CHP
The calculation of fuel consumption for the CHP electricity and heat generation has been shown in table 16. 
Calculations of heat Bonus
The heat bonus for the CHP has been shown in table 17 
Calculations of Primary energy factor of electricity
The Final PEF of electricity generation by Eurostat Methodology has been shown in table 18. 
Contributions to Primary energy factor
The trend and the contribution of each source to the calculation of the PEF of electricity generation have been shown in the fig. 18 .
Figure 11. Calculation of Primary energy factor of electricity generation by Eurostat Methodology
As can be seen in the fig. 18 for the Eurostat methodology, the Primary energy factor of electricity increase from the period of 1980 to 1990. The value of the PEF was highest in 1990 and it was 3.099. After 1990, the value of PEF continue to decrease and it reaches at 1.80 in 2015. In the initial years, the Hydropower contributes more to the development of PEF. But in later years, the contribution of coal is more prominent.
Calculations method 2 -Life Cycle Approach
Calculations of Raw Primary energy demand
The RPED of the electricity generation for the Life Cycle approach has been shown in table 19. 
4.1.3.2.Calculations of heat Generation
The heat generated from the CHP has been calculated in table 20. The self-consumption is assumed to be 8%. 
4.1.3.3.Calculations of fuel consumption
The calculation of fuel consumption for the CHP electricity and heat generation has been shown in table 21. 
4.1.3.4.Calculations of process efficiencies
The life cycle approach uses the Finnish method for CHP evaluation. The efficiencies of electricity and heat generation for the CHP has been shown in table 22. 
4.1.3.5.Calculations of ratio of efficiencies compared to the alternative reference system
4.1.3.6.Calculations of the efficiency factor
The efficiency factor for the life cycle approach has been shown in table 24. 
4.1.3.7.Calculations of heat bonus
The calculations of heat bonus for the CHP system has been shown in table 25. Table 26 shows the final PEF of electricity generation by the life cycle approach. 
4.1.3.8.Calculations of primary energy factor of electricity
4.1.3.9.Contribution to PEF
The trend and the contribution of each source to the calculation of the PEF of electricity generation has been shown in the fig. 19 .
Figure 12. Calculation of PEF of electricity generation
For the LCA approach, As it can be seen in the fig. 19 , the Primary energy factor of electricity increase from the period of 1980 to 1990. The value of the PEF was highest in 1990 and it was 2.39. After 1990, the value of PEF continue to decrease till 2010 and it reaches at 1.62 in 2015. In the initial years, the Hydropower contributes more to the development of PEF. But in the later years, the contribution of coal is more prominent.
Calculation method 3 -Modified Eurostat Methodology
4.1.4.1.Generation of heat calculation from Combined heat and power plant
The heat generated from the CHP has been calculated in table 27. The self-consumption is assumed to be 8%. 
4.1.4.2.Calculation of fuel consumption by CHP
The calculation of fuel consumption for the CHP electricity and heat generation has been shown in table 28. 
4.1.4.3.Calculation of process efficiencies
The modified Eurostat methodology uses the Finnish method for the CHP evaluation. The efficiencies of electricity and heat generation for the CHP has been shown in table 29. 
4.1.4.4.Calculations of ratio of efficiencies compared to the alternative reference system
The table 30. Compared the ratio efficiencies compared to the alternative reference system. 
4.1.4.5.Calculations of the efficiency factor
The efficiency factor for the modified Eurostat methodology has been shown in table 31 
4.1.4.8.Contribution to PEF
The trend and the contribution of each source to the calculation of the PEF of electricity generation have been shown in the fig. 20 .
Figure 13. Contribution of energy sources to the development of PEF of electricity.
As can be seen in figure 20, for the Modified Eurostat methodology, the Primary energy factor of electricity increase from the period of 1980 to 1990. The value of the PEF was highest in 1990 and it was 3.10. After 1990, the value of PEF continues to decrease and it reaches at 2.50 in 2015. In the initial years, the Hydropower contributes more to the development of PEF. But in later years, the contribution of coal is more prominent. The basic difference between the Eurostat and Modified Eurostat Methodology that the Modified Eurostat methodology uses the Finnish method for the CHP analysis unless the IEA method in Eurostat methodology.
Calculation method 4 -Upper-end Method
4.1.5.1.Calculation of Raw Primary energy demand
The RPED of the electricity generation for the Upper-end methodology has been shown in table 34. 
4.1.5.2.Generation of heat calculation from Combined heat and power plant
The heat generated from the CHP has been calculated in table 35. The self-consumption is assumed to be 8%, 
4.1.5.3.Calculation of fuel consumption
The calculation of fuel consumption for the CHP electricity and heat generation has been shown in table 36. 
4.1.5.4.Calculation of process efficiencies
The upper-end methodology uses the Finnish method for the CHP evaluation. The efficiencies of electricity and heat generation for the CHP has been shown in table 37. 
4.1.5.5.Calculations of ratio of efficiencies compared to the alternative reference system
The table 38. Compared the ratio efficiencies compared to the alternative reference system 
4.1.5.6.Calculations of the efficiency factor
The efficiency factor for the life cycle approach has been shown in table 39. 
Calculation of heat bonus
The calculations of heat bonus for the CHP system has been shown in table 40. 
4.1.5.9.Contribution to PEF
The trend and the contribution of each source to the calculation of the PEF of electricity generation has been shown in the fig. 21 .
Figure 14. Calculations of PEF of electricity by the upper-end method
As can be seen in figure 21, for the upper-end methodology, the Primary energy factor of electricity increase from the period of 1980 to 1990. The value of the PEF was highest in 1990 and it was 3.21. After 1990, the value of PEF continues to decrease and it reaches 2.48 in 2010 and slightly increase in 2015 to 2.64. In the initial years, the Hydropower contributed more to the development of PEF. But in the later years, the contribution of coal was more prominent.
Comparison of all four methods
The Comparison of all the four methods has been shown in Figure 22 
Figure 15. Comparison of methods for the development of PEF of electricity
As can be seen in Figure 22 , that the LCA methodology has the lowest value trend of PEF of electricity. The maximum value of PEF in case of LCA methodology was 2.36. The Upper-end method has the highest value trend of PEF. For the non-renewable sources, it considers the LCA methodology and taking into account the entire supply chain. In all the four methods, the PEF values of electricity have been decreasing and increase slightly at the end.
Future Trends of PEF
The future trend of the PEF of electricity generation has been shown in figure 23.
Figure 16. Future Trend of PEF of electricity
For all the methods, the PEF of electricity is going to decrease. The PEF of electricity generation in 2030 will be around 1.90 and 2.10 according to Eurostat and modified Eurostat methodology. For the LCA and the upper end, the PEF of electricity generation will be around 1.70 and 2.20 respectively.
For the year 2040, the PEF of electricity generation will be around 1.65 and 1.90 according to Eurostat and modified Eurostat methodology. For the LCA and the upper-end methodology, the PEF of electricity generation will be around 1.60 and 2.00 respectively.
For the year 2050, the PEF of electricity generation will be around 1.40 and 1.60 according to Eurostat and modified Eurostat methodology. For the LCA and the upper-end methodology, the PEF of electricity generation will be around 1.50 and 1.80 respectivel23
Recommended PEF values of electricity generations for policymaking
The fig. 24 shows the recommended values of PEF of electricity generation in South Korea for Policy making.
For the Eurostat methodology, the recommended value of PEF must be less than 3 and it must be analyzed every 2 years. For the Modified Eurostat methodology, the recommended value of PEF must be less than 3.20 and it must be analyzed with 2-3 years. The PEF of electricity calculated through the Life Cycle approach must be less than 2.40 and it must be analyzed with 3-5 years. The upper-end method provides the highest value of PEF and it must be analyzed after every 5 years. Its value must be less than 3.40. In the policymaking, it must be confirmed that any energy source imported to generate electricity in South Korea does not raise the threshold value of the PEF of electricity recommended for each method.
Conclusion
The PEF of electricity were calculated using 4 different methodologies • Eurostat Methodologies • Life cycle approach • Modified Eurostat Methodologies • Upper-end method
The Eurostat methodology considers the conversion and transmission portion only and calculates the total PEF, whereas the Life cycle method considers the entire supply chain and calculate only the nonrenewable portion of PEF. The basic difference between Eurostat and modified Eurostat methodology is the method of evaluating electricity generation from the CHP plant. The Eurostat methodology uses the IEA method and the Modified Eurostat methodology use the Finnish method to evaluate the electricity generation from CHP. The upper-end method sets the upper limit of calculating PEF and calculate total PEF. In all the four methods, the PEF of electricity shows the decreasing trend. The upper-end method showed the highest values trend of PEF and the lowest values trend was calculated using the Life cycle approach. It has been extrapolated that in 2050, the PEF values of electricity would be 1.4 and 1.6 according to Eurostat and modified Eurostat methodology respectively. According to the Life cycle and upper-end methodology, the PEF values of electricity will be 1.5 and 1.8 respectively.
